Introduction
Friedreich's ataxia, a hereditary disorder of the nervous system, is characterized by the onset of ataxia of gait, weakness and clumsiness of the limbs, and dysarthria of speech in young patients of either sex. Loss of tendon reflexes, usually combined with extensor plantar responses and impairment of vibration and joint sense, is often found. Nystagmus is common.
Complications include mental symptoms, kyphoscoliosis, pes cavus and claw hand. Cardiac complications often terminate the disease. These findings are associated with progressive degeneration of the spinocerebellar and corticospinal tracts, the posterior column and Clarke's column.
A family, in which a father and six of his children are believed to suffer from Friedreich's ataxia, is reported because of several unusual features.
Notably, optic atrophy and nerve deafness are the most consistent findings, and upper and lower motor neurone disturbances appear more conspicuous than those of the spino-cerebellar system. The rate of progress of the disease varied considerably: one child died within two and a half months of the onset of symptoms, whilst others with muscle wasting appeared to remit during the period of observation.
Before the diagnosis was finally established in the members of this family many conditions were considered. These included tuberculous meningitis, Arnold-Chiari malformation, posterior fossa lesion, spinal tumour, progressive muscular atrophy, peripheral neuritis due to avitaminosis, diphtheria, lead poisoning, toxic myelitis, and syphilis of the nervous system and meninges.
Family History
The medical history of the family preceded the period of observation, 1955-1956 , by at least 16 years. The family consisted of the parents and nine children, four of whom died, three of these had nervous symptoms and signs. Both parents were Gentiles and were unrelated. The mother, 45 years, was quite well with no muscular weakness or ataxia. She had a long standing internal strabismus of the left eye but there was neither optic atrophy nor nystagmus. She was not deaf. The father, 44 years, suffered from childhood poliomyelitis which resulted in shortening of one leg. He had severe impairment of hearing, poor vision, bilateral optic atrophy and normal hands. His gait though cumbersome, due to his shortened leg, did not appear ataxic and he walked well unaided. His visual and auditory symptoms were slowly progressive for a number of years. Enquiry into the family tree revealed no history of disease of the nervous system in other members (Fig. 1 /100 ml.). (11) The fasting blood pyruvic acid was determined in Cases 3, 4 and 6 after the method of Friedemann and Haugen (1943) . The value was within normal limits (0 5 to 1-I mg./100 ml.) in Cases 3 and 4 but raised (1 7 mg./100 ml.) in Case 6. An hour after a loading dose of glucose the levels remained within normal limits (1*7 to 2-3 mg./l00 ml.) in Cases 3 and 4, but in Case 6 a raised value persisted (3 1 mg./100 ml.).
The reason for this was not clear.
All the affected children were born normally and were healthy infants. Milestones (holding up the head, sitting, standing and walking) were passed normally. Up to the onset of symptoms all had been healthy with the exception of Case 2, who had a sacrococcygeal pelvic tumour removed surgically at 9 months, and Case 6, who had a congenital strabismus at 3 years which had been satisfactorily corrected by the time symptoms developed. Cases 3, 4 and 6 suffered minor head injuries but these were not severe enough to cause concussion.
Impairment of vision and hearing were the most constant symptoms in children and father; slow to start, they were gradually progressive. There was no history of middle-ear disease. A similar picture was seen in the optic fundi of the father and Cases 2, 3, 4, 5, and 6. The discs, uniformly pale, stood out distinctly from an apparently normal retina. In Case 2 the left disc was involved but in the others both discs were affected. In Case 1 the fundi were thought to be healthy during life but after death demyelination of the optic nerve was found. Fields of vision (Cases 3, 4) showed peripheral constriction with no central scotoma. Light reflexes, where noted, were present (Cases 2, 4, 5, 6). Tests for the auditory nerve (Rinne and Weber) revealed impairment of bone and air conduction. The tympanic membranes appeared healthy. On this evidence it was assumed that deafness was nervous in origin. The degree of deafness varied; it was slight in Cases 1, 2, and 6, moderate in Case 4 and severe in Cases 3 and 5, causing Case 3 to attend a school for the deaf, where her poor visual acuity restricted her ability to learn lip reading. All the patients learnt to speak, if somewhat monotonously and monosyllabically, and were not considered to be grossly dysarthric.
Four children had nystagmus (Cases 1, 2, 4, 5). In Case 1 it occurred in all directions, it was horizontal in Cases 2 and 4, and rotatory in Case 5. The facies were expressionless and on smiling the lips were transverse. Other cranial nerves appeared intact, with no other signs of bulbar involvement.
None of the patients had convulsions or tremors.
Mentally, they were dull and were either irritable (Cases 1, 5) or apathetic (Cases 2, 6). Acute fright and attacks of clinging to the mother overcame Case 5 periodically.
To add to the misery of this family, the parents often quarrelled about their responsibility for the children's plight. In particular, the father blamed the mother, because of the 'turn in her eye', which he considered to be the cause of the children's eye trouble, and as a result he often sought the companionship of other women thereby creating a further difficulty.
Other physical findings are listed in Table 1 Examination of the sections from Case 1 showed that Demyelination could be discerned in the area of degenerative changes were most marked in the cord Monakow and lateral aspect of the restiform body in (Fig. 2) where symmetrical demyelination involved the the medulla, but the pyramids and the medial lemnisci tracts of Goll and Burdach, the anterior and posterior appeared intact. The normal orderly arrangement of 219 gs group.bmj.com on July 8, 2017 -Published by http://adc.bmj.com/ Downloaded from the axons was replaced by many irregular distended spaces. Towards the periphery of the involved tracts the contents of many of these spaces stained with osmic acid. Axis cylinders were difficult to define and it was not possible to say whether they were reduced in number. The anterior and posterior nerve roots stained with osmic acid.
The entire grey matter of the cord was congested, there was no oedema or perivascular cuffing. Two haemorrhagic cystic spaces had formed in the postero-lateral regions of the grey matter in the sacral cord. The walls of the vessels in the cord and meninges appeared normal and so did the meninges.
There was widespread damage of nerve cells. Some stained densely, the nucleus being eccentric and the chromatin network lost. Others appeared swollen and contained a feebly stained and eccentric nucleus, the chromatin being either arranged around the periphery of the cell or completely absent. Satellitosis was observed around some of the swollen cells.
Areas showing nerve cell damage included the grey matter of the cord (in one thoracic section they were completely absent), the cuneate nucleus, the Vth nerve nucleus, and the substantia nigra. Both anterior and posterior horns of the cord were affected as well as Clarke's column. Glial cells appeared increased in both grey and white matter.
Concentric demyelination was seen in the optic nerve. Two sections of the cord and one of the optic nerve were stained by Holzer's method. By this means an increase of glial tissue was demonstrated in the posterior columns, the posterior spino-cerebellar tracts, the anterior horns, Clarke's column and in the optic nerve.
No abnormality could be detected in the vestibular nuclei and the trapezoid bodies. The auditory pathway could not be studied in the limited number of sections available. The superior and medial accessory olivery nuclei, the pontine nuclei, the Xth and XlIth nerve nuclei appeared normal. Discussion Diagnosis. Even when it became clear that the disorder was heredo-familial, its nature remained uncertain because the clinical picture varied so much. observes that the more complex a heredo-degenerative disease seems anatomically, the more it appears to merge with other groups. For this reason familial amyotrophic lateral sclerosis was diagnosed in Cases 3, 4, 5 and 6 because signs of upper and lower motor neurone disease were prominent. However, posterior column loss (Cases 3, 4), nystagmus (Cases 4, 5) and intention tremor (Case 5) cast doubt upon this diagnosis. Greenfield (1954) discusses the association of Charcot-Marie-Tooth and Roussy-Levy syndromes with Friedreich's ataxia because their pathological features are similar in some respects. The points of clinical similarity with these syndromes in the present family are 'main-en-griffe' (Case 5), reduction of the deep reflexes (Cases 3, 4, 5), spinal deformities (Cases 1, 3, 4) , remissions (Case 6) and degeneration in dorsal columns, pyramidal and spino-cerebellar tracts and loss of cells in Clarke's column. Points of difference are the presence of nystagmus, intention tremor and absence of characteristic wasting of the peroneal and anterior tibial muscles.
Friedreich's ataxia was considered the most likely diagnosis in the light of all the symptoms and signs of the patients and the histopathology of Case 1.
Optic Atrophy and Nerve Deafness. Optic atrophy is not uncommon in Friedreich's ataxia; Sjogren (1943) Nerve deafness is much rarer than optic atrophy and their combination is unusual. describes three brothers who suffered from Friedreich's ataxia, two of whom had central deafness and optic atrophy, in whom he regards inheritance as recessive. Unfortunately, necropsies were not carried out, but, in another type of hereditary ataxia, Nyssen and Bogaert (1934) described lesions in a brother and sister in whom there was demyelination of the optic chiasma and degeneration of the primary and secondary pathways of the cochlear system. Degenerated fibres were traced through the restiform body, cochlear nucleus, superior olivery nucleus, trapezoid body, Monakow's bundle and the medial lemniscus to the corpora quadrigemina and internal geniculate body. The cord was not examined. The limited number of sections in the present family made it impossible to compare accurately the histological findings; there was no degeneration of the trapezoid bodies, the medial lemnisci or superior olivery nuclei, but demyelination was present in Monakow's area and the restiform body. Urich, Norman and Lloyd (1957) in studying the auditory pathway of a 101-year-old girl, who suffered from Friedreich's ataxia, found widespread loss of cells in the central cochlear nucleus. Deafness was not detected clinically but audiometric studies were not done. Matthews (1950) reported deaf-mutism in three siblings with symptoms and signs of Friedreich's ataxia. A fourth sibling with similar peripheral signs was not a deaf mute.
Clinical evidence of involvement of the vestibular branch of the VlIIth nerve (loss of caloric reaction) was found by Guillain, Mollaret and Aubrey (1935) in 18 cases of Friedreich's ataxia. They found nerve deafness to be rare. They claim that vestibular investigation in Friedreich's ataxia may have some diagnostic value. Montandon (1948) discusses the auditory, anatomical and pathological implications in hereditary ataxias, and concludes that most lesions causing deafness commence in the labyrinth and may be so slight as to escape detection unless sought carefully by audiometry. The degenerative process tends to spread centrally and when this occurs central deafness masks labyrinthine deafness.
General Comments. Pathogenesis is discussed in most textbooks of neurology and by Greenfield (1954) and will not be repeated here.
The genetic basis of Friedreich's ataxia is beyond doubt. It may be transmitted by dominant or recessive genes. In the present family it is dominant. Some idea of the frequency with which each type occurs is given by Bell (1948) who analysed the findings in 500 pairs of siblings thought to be recessive in origin and 144 pairs thought to be dominant. From the analysis it was found that the age of onset in both groups was similar and that there was a marked tendency for siblings of one family to present symptoms at the same period of life. This last fact may have practical prognostic implications for unaffected and much older siblings, but in the present family in which there are two young unaffected siblings, conclusions on this point cannot yet be drawn.
Matthews suggested that when deaf mutism occurs it may be due to the chance association of two genes. It seems more likely that all the clinical and pathological findings are due to the same process and are attributable to the same causal factor. Diverse anatomical changes in the nervous system, similar to those found in Friedreich's ataxia, have been caused in animals by vitamin A deficiency (Mellanby, 1934) and it seems reasonable to deduce that one gene acting in some similar manner might be responsible for all findings.
Summary
The clinical findings in a family, consisting of a father and six of his children believed to suffer from Friedreich's ataxia, are presented. An unusual feature is the presence of optic atrophy and nerve deafness.
Histological findings in the cord, medulla and midbrain are described.
